Background: The height of the eyebrow is less crucial aesthetically than is the relationship between the lateral and medial portions of the brow. Although various surgical procedures are effective in raising the brow, the authors maintain that transcutaneous brow shaping (TBS) is the only technique that enables precise shaping of the brow and correction of minor asymmetries. Objectives: The authors described their experiences with direct TBS alone or in conjunction with blepharoplasty and facelift. Methods: A total of 212 patients underwent TBS performed by the senior author (M.P.C). All patients were evaluated clinically and by means of preand postoperative photographs. Patients completed questionnaires indicating scar quality and satisfaction with the results. Results: There were no major complications. Scar visibility was low, and patients expressed a high level of satisfaction with the aesthetic results of TBS. Conclusions: A misconception of transcutaneous browlift procedures is that they yield visible scars. TBS requires accurate planning, preservation of subcutaneous volume, limited undermining, preoperative application of botulinum toxin, and perioperative administration of local vasodilators. When these requirements are fulfilled, the authors have found that TBS does not yield a visible scar and is the easiest, most precise, and most reliable procedure for brow shaping.
to peak somewhere between the lateral limbus and a point just beyond the lateral canthus. The curvature of the arch varies considerably. In every case the medial brow should be lower than the lateral peak."
The shape of the eyebrow is far more aesthetically important than its height. For most patients, facial aesthetics are not compromised when the brow is slightly lower (eg, by 2-3 mm) than its optimal distance from the orbital ridge, as long as the brow has a pleasant shape. However, if the middle third of the brow is at the same level or lower than the medial third, or if the lateral third of the brow is at the same level or lower than the middle third, the result can be unattractive, with the patient appearing tired, aging, or sad. Conventional and endoscopic techniques for browlift that involve distant incision (eg, at the frontal temporal hair-bearing area or in the anterior hairline) may be effective in raising the brow, but do not allow for precise shaping of the brow.
We have performed numerous browlift techniques during the past 30 years. Although we have obtained satisfactory results with many patients, we have encountered challenges with brow shaping. Since 2002, we have employed a transcutaneous approach that was described by Castañares 11 and subsequently by Vinas. 12 With some modifications, this technique has become our primary choice of treatment for browlift. Herein, we described the technical details of transcutaneous brow shaping (TBS), our modified technique that combines browlift with precise brow sculpting to create an ideal brow shape for each patient.
METHODS

Patients and Study Design
A total of 208 consecutive patients who underwent bilateral TBS and 4 patients who underwent unilateral TBS (ie, 212 total patients; 420 brows) performed by the senior author (M.P.C.) from January 2002 to December 2012 were evaluated in a prospective study. Of the 212 browlift procedures, 42 (19.8%) entailed TBS alone, and 170 (80.2%) were performed in combination with upper blepharoplasty and/or other procedures. Patients with tattooed brows were not excluded from the study. Patients with pathologies different from aesthetic (ie, trauma or burns) were excluded from the study. This research was conducted in accordance with the Declaration of Helsinki.
Preoperative Procedures
Patients included in the study were advised to apply minoxidil (Rogaine 5% lotion, Johnson & Johnson, New Brunswick NJ; or Theroxidil (5% lotion), Ei, Kannapolis, NC) to the brow twice a day for 1 month preoperatively with the aim of reinforce the hairbulbs.
An assessment of the anatomy and function of the upper and lower eyelids was performed with meticulous attention paid to the presence of ptosis, the amount of skin in the upper lid, and the prominence of the eyeball. Photographs were taken with the patients' eyes opened and closed to evaluate static and dynamic brow malposition. The brows were pulled and repositioned manually to provide the patient with an approximation of the postoperative result ( Figure 1 ). In addition, patients were shown images of various brow shapes, and expected results were discussed.
Markings for TBS were made with the patient standing. The planned brow was indicated by lifting the brow manually to the desired position, holding a pen at this level, letting the brow drop back into its original position, and marking the planned brow position on the skin. This maneuver was repeated along the upper brow contour to create a series of points that were connected to indicate the incision lines. 13, 14 The lower incision closely followed the hairline and occasionally was placed 1 mm within the hairline removing some stray hair follicles above the body of the brow; this step was carried out frequently to make sure that the final scar stayed exactly at the brow's upper border. To create the desired shape of the postoperative brow, the markings were amended as needed (eg, the caudal concavity was accentuated or the highest point of the curve was moved in an approximately lateral direction). The most medial portion of the brow was rarely marked because it is unusual for this region to require elevation ( Figure 2 ). Moreover, a scar in this area is likely to be highly noticeable because the medial brow skin is thicker than the lateral skin 15, 16 Asymmetric markings were made as needed to correct natural asymmetries of the brow (Figure 3 ).
For patients who concomitantly underwent upper blepharoplasty, preoperative markings of excess skin were adjusted based on our experience that excision of 2 mm of forehead skin lifts the upper eyelid by 1 mm. To determine the precise amount of excess skin of the upper lid, the eyebrow was held in its planned position with the surgeon's nondominant hand while markings on the eyelid were made. This adjustment was vital to avoiding hypercorrection and lagophthalmos.
Two to three days before surgery, 5 U of botulinum toxin type A (Vistabex, Allergan, Irvine, CA) were injected into the frontalis above the lateral two-thirds of each brow for 2 reasons: (1) to decrease the activity of the frontalis muscle, in turn reducing the tension on the wound postoperatively; (2) to allow for a slight lowering of the eyebrows, due to the muscle paralysis, in the early postoperative period. Lowering the eyebrows helps patients adjust to the dramatic change in their facial aesthetics by allowing the brows to rise more progressively over time.
Surgical Techniques
Patients who underwent TBS alone or in combination with blepharoplasty received local anesthesia with or without sedation. Patients who underwent TBS combined with more complex procedures (like facelifting) or who requested it specifically (only one), received general anesthesia. The subcutaneous space and dermis were infiltrated with mepivacaine (2%) and epinephrine (1:100,000). Typically, the incision was begun 1 to 1.5 cm lateral from the medial end ( Figure 2 ). The incision rarely extended the length of the eyebrow and/or beyond the lateral end of the brow because there was no indication, although incisions made in these regions generally yielded high-quality scars. Upper and lower incisions were made with a no. 11 scalpel blade beveled at 30° (Figure 4 ). To compensate for some dropping of the brow postoperatively, the upper incision usually was overcorrected 1 to 1.5 mm higher than the markings. Only the skin and the superficial part of the dermis were excised; the deep dermis and subcutaneous fat were retained to preserve volume and avoid a contour depression at the scar ( Figure 5 ). Video 1 demonstrates this excision procedure and may be viewed as Supplementary Material at www.aestheticsurgeryjournal.com.
Limited undermining (ie, 7-10 mm) was performed below the eyebrow on the surface of the orbicularis oculi to increase brow mobility and avoid tension on the suture line. Meticulous care was taken to preserve the hair bulbs. Undermining was avoided in the medial part of the brow to prevent injury to the blood vessels and nerves in this area ( Figure 6A ). The upper flap was undermined for 2 to 3 mm to optimize eversion of the skin borders ( Figure 6B ). Video 2 demonstrates these undermining maneuvers and may be viewed as Supplementary Material at www.aestheticsurgeryjournal.com.
Hemostasis was achieved with fine-tip cautery, with the instrument set to low voltage to avoid damaging the hair bulbs. Only very small vessels were encountered in this superficial plane. When an excess of orbicularis oculi was present in the upper eyelid, and an upper blepharoplasty was not being performed, the orbicularis oculi was suspended to the deep dermis of the upper flap with 2 or 3 absorbable sutures to decrease the volume of the upper eyelid. Video 3 demonstrates this suspension technique and may be viewed as Supplementary Material at www. aestheticsurgeryjournal.com.
In patients with a limited surplus skin of the upper eyelids, it was possible to avoid an upper blepharoplasty through the removal of the suprabrow skin. For 10 (4.7%) patients non undergoing an upper blepharoplasty, with an excess of orbicularis oculi in the upper eyelids, orbicularis muscle pexy 16 to the frontalis was performed (Figures 7 and 8 ).
The deep dermal layer was approximated with 5-0 polyglycolic acid sutures (Dexon, Medtronic, Minneapolis, MN) ( Figure 9 ) taking care in everting the cutaneous border and 6/0 nylon (horizontal mattress interrupted or continuous) sutures were placed ( Figure 10 ).
Postoperative Care
Sutures were removed 6 to 8 days postoperatively. Most patients were advised to continue applying Minoxidil (Rogaine 5% lotion, Johnson & Johnson, New Brunswick NJ; or Theroxidil (5% lotion), Ei, Kannapolis, NC) for 2 to 3 months postoperatively, especially if the hair follicles were believed to be weak, or if the hair preoperatively appeared fine or of low density. This regimen was prescribed after mild transient alopecia of the brows was observed for 3 patients in the early phase of this study. For patients who underwent TBS and upper blepharoplasty, TBS was performed first to obtain a precise brow position, and upper blepharoplasty followed with adjustments as needed. This order of procedures precluded cases in which the planned elevation of the brow had to be limited intraoperatively to avoid hypercorrection of the upper lid and lagophthalmos (Figures 11 and 12 ). 
Assessment of Patient Satisfaction
In September 2013 the 121 patients who underwent bilateral TBS between January 2006 and December 2012 were invited to complete a questionnaire that addressed their level of satisfaction with the procedure (Appendix 1, Supplementary Material at www.aestheticsurgeryjournal. com). This shorter study duration was chosen because our technique was modified slightly in 2006. To obtain a more uniform evaluation, we did not ask patients who underwent unilateral TBS to complete the questionnaire. The assessment included questions regarding scar quality and overall satisfaction and was sent to patients by postal mail with an enclosed self-addressed, stamped envelope so that patients could complete and return the questionnaire anonymously.
RESULTS
One hundred sixty women (75.5%) and 52 men (24.5%) underwent TBS in this study. The mean age of the patients was 48 years (median, 42 years; range, 27-83 years). A total of 140 patients (66.0%) presented with asymmetry of the position of the brow, which was classified as minor (ie, 1-2 mm difference with the contralateral side) in 82 patients (58.6%) and major (>2 mm difference) in 58 patients (41.4%). Nearly all patients agreed with the surgeon's suggestions for planned brow shape. (3 patients requested hypocorrection). The mean operating time for the TBS was 39 minutes (range, 30-45 minutes). The mean (resection width) was 10.5 mm (range, 6-14 mm). Many patients in this study 170 (80.2%) underwent upper blepharoplasty with or without other procedures and TBS in the same surgical session. The follow-up period ranged from 3 months to 9 years (mean, 34 months), during which the effectiveness of the browlift, the stability of the result, and the incidence of complications were determined.
No patient experienced infection, hematoma, or seroma. There were no hypertrophic scars or keloids. Mild paresthesia occurred in 8 patients (3.8%), which resolved spontaneously in ≤6 months for 7 of these patients, and 1 patient did not return for follow-up. Three patients (1.4%) experienced mild transient alopecia of the brows. These patients were among the first to During follow-up visits, 3 patients (1.4%) expressed some dissatisfaction with TBS. The first patient was concerned about scar quality, although the results of our clinical evaluation indicated that the scars were virtually unnoticeable. The authors maintain that this patient could be considered a so-called SIMON (ie, single, immature, male, obsessed, narcissistic) 17, 18 and believe that the patient should not have undergone TBS. The second patient was a man in whom extrusion of several stitches occurred, yielding v isible residual scars; this patient underwent revision surgery. The third patient was a woman who was generally satisfied with the results of TBS but expressed concern with an epidermal cyst that was swollen, painful, and persistent; this patient underwent surgical removal of the cyst (Figure 13 ). No patients expressed dissatisfaction with eyebrow shape or height 3 months postoperatively.
During follow-up, 209 (98.6%) of the 212 patients indicated that they were satisfied with the results of TBS (Supplementary Figures 1-3) , although some patients indicated that they perceived their brows as being too high during the early postoperative period. Upon noting this common concern, we began administering botulinum toxin (in February 2008) 2-3 days before surgery to produce a slight lowering of the brows in the early postop period. This maneuver succeeded in decreasing the rate of this patient concern. Patients quickly became accustomed to a lesser change in their brow shape and height, and, on the other side, the brow raised to the desired position progressively in 4-6 weeks.
Of the 121 questionnaires mailed to patients, 81 were completed anonymously and returned. The rate of satisfaction was similar to the rates in other reviews. [12] [13] [14] Seventy-eight patients (96.3%) indicated that they were satisfied or very satisfied with the results of TBS (Table 1) . Although we specified in the questionnaire that patients should consider only the results of TBS when responding, we cannot assume that their opinions were not influenced, at least to some degree, by results of concomitant procedures such as blepharoplasty or facelift. It should be noted that when a patient is happy with the overall outcome of an operation, he or she may evaluate the result of each surgical procedure more optimistically.
During follow-up, we found that perceptions of the healing process varied enormously among patients. As expected, scars were virtually invisible in some patients after a few months, whereas the healing process was more protracted for other patients. However, scars that were noticeable to us at clinical evaluation several weeks postoperatively often were perceived by the patient as nearly invisible (154 of 212 patients; 72.6%) or as invisible (52 patients; 24.5%) This phenomenon occurred more frequently among women than men, presumably because women were more likely to conceal scarring with makeup.
A minor lowering of the brows occurs 2 to 4 months postoperatively for most patients who undergo TBS; hence, the skin marking is carried out accounting for a 10% to 15% hypercorrection. For several patients, comparable photographs taken preoperatively, 6 months postoperatively and several years postoperatively were obtained. We determined from these photographs that the results of TBS remained stable over time (Figures 14 and 15) .
DISCUSSION
For nearly 100 years, surgical techniques have been performed to elevate the brow and reduce the transverse and glabellar lines. In the majority of studies, authors perform so-called distant-approach techniques (eg, forehead lift), with or without endoscopic assistance, and describe the incision patterns, the treatment of the underlying structures, the methods of fixation, and so on. In an exhaustive report of the history of browlift, Paul 2 described these procedures, which include direct browlift, mid-forehead Figure 13 . Removal of epidermal cyst from right eyebrow was carried out 6 months after surgery on this 45-year-old woman. lift, open coronal lift, and endoscopic browlift. Open techniques for browlift involve skin excision and soft-tissue pexy, whereas endoscopic techniques comprise soft-tissue repositioning or occasionally soft-tissue weakening by means of myotomy or myectomy of the depressor muscles. Although effective in correcting brow ptosis, most of these procedures are associated with limitations and complications. Graham et al 44 reviewed studies of patients who underwent endoscopic and open approaches from 1992 to 2010 and noted that dysesthesia occurred in 0% to 57% of patients, alopecia developed in 0% to 19% of patients, and recurrent asymmetry occurred in 0% to 9% of patients. In a recent review, Byun et al 45 evaluated 82 studies in which patients underwent endoscopic or open approaches, and found that a variety of complications were associated with these procedures. When browlift was performed with excision in the subcutaneous plane of the anterior hairline, alopecia occurred in 8.5% of patients, paraesthesia occurred in 5.4%, unacceptable scarring developed in 2.1%, skin necrosis occurred in 1.8%, hematoma developed in 0.5%, and infection occurred in 0.3%. Browlift by means of coronal incisions in the subperiosteal plane was associated with the highest incidence of injury to the frontal branch of the facial nerve 45 (6.4% of patients).
Endoscopic browlift with subperiosteal dissection was associated with the highest rates of complications: paraesthesia occurred in 6.2% of patients, asymmetry developed in 3.6%, alopecia occurred in 3.0%, and lagophthalmos developed in 2.7%. Graham et al 44 found that direct transcutaneous browlift was performed in only 5 of 87 studies. We have received numerous personal communications confirming that surgeons are reticent to perform browlift with a transcutaneous approach because of concerns that the technique will yield unsightly scars. In a review, Byun et al 45 found that unacceptable scars were present in 2.1% of patients who underwent browlift with an anterior hairline incision with subcutaneous dissection, 3.6% of patients who underwent coronal incision with subgaleal dissection, 2.5% of patients who underwent coronal incision with subperiosteal dissection; 1.5% of patients who underwent endoscopic techniques; and 1.4% of patients who underwent direct transcutaneous approaches.
Of the 81 respondents in our study, none indicated that the surgical results involved an unsightly scar, and only 2 patients (2.5%) had easily visible scars (Table 2) . Therefore, 97.5% of our patients were satisfied with scar appearance. Our results are consistent with those of other authors 12, 13, 46 in suggesting that the direct approach is associated with minimal scar visibility. With regard to surgeons who find anecdotally that this approach yields unsightly scars, we maintain that an incorrect surgical technique is responsible for unfavorable results.
The most common mistakes associated with TBS are (1) incorrect placement of incisions; (2) removal of volume from the eyebrow; and (3) inappropriate suturing
techniques. An incision that is placed 1 to 2 mm from the hairline to preserve the integrity of the cranial hair will produce a visible scar. The most common feature of an unsightly scar is a localized suprabrow depression, which results from overzealous resection of underlying tissue. For TBS, we recommend removal of the epidermis and the superficial layer of the dermis. By preserving the deep layer of the dermis and subcutaneous fat, a contour depression at the scar can be avoided. The results of these precautions are not noticeable during surgery but become obvious after several weeks, when edema has subsided. Similarly, Feinendegen 46 has advocated an incision on a 20° bevel to preserve the dermis and improve scar quality.
Surgical procedures of the forehead and orbital area must accommodate the opposite tensions of the frontalis and the orbicularis oculi, which can cause introflection of the skin borders. An additional advantage of the injection of botulinum toxin is constituted by a temporarily decrease of the activity of the frontalis during wound healing.
The incision for TBS is almost linear and seemingly easy to close, but the importance of appropriate suturing should not be underestimated. A fast, over-and-over, continuous suture can produce introflection of the cutaneous borders and yield a depressed, visible scar. During suturing, the surgeon should be careful to maintain eversion of the cutaneous borders.
Visible scars are more likely to develop in patients with weak hair bulbs, which may be damaged during undermining, cautery, and suturing. If hairs along the upper brow contour are lost, a noticeable scar will result 2 to 3 mm from the eyebrow (Figure 16 ). We recommend preand postoperative application of a lotion formulated with minoxidil (eg, Rogaine or Theroxidil) to reinforce the hair bulbs with vasodilation. To minimize ecchymosis and swelling and facilitate recovery, we suggest only limited Figure 16 . A 43-year-old woman 4 years after transcutaneous browlift at another surgical practice. Her unsightly scars and contour depression were attributable to erroneous placement of the incision, incorrect suturing, excessive tension during wound healing, hair loss, and overzealous tissue resection.
undermining be performed. Extensive dissection is associated with a higher rate of sensory disturbances resulting from damage to the delicate nerves in this region. 13 Most browlift procedures are associated with patient satisfaction rates that exceed 95% 12, 13, 34, 46 However, this high level of satisfaction may be based more on the decreased visibility of frontal-temporal wrinkles than on the new position and shape of the eyebrows. We maintain that it is virtually impossible to precisely shape the eyebrow and correct brow asymmetry with distant approaches. We suggest that subtle variations in the sharpness of the arch or in the height of each portion of the brow can be achieved only with TBS. The 1 distant approach which claims some results in treating asymmetries, even with some recurrences, is the endoscopic technique. 22, 23 Myotomies and neurotomies 22, 23 may be applied by highly experienced surgeons to treat the general shape of the brow, but we suggest that precision is unlikely with these techniques.
Many patients in this study presented with brow asymmetry (140 of the 212 patients [66.0%]) that was classified as minor (82 patients [58.6%]) or major (58 patients [41.4%] ). Thus obtaining a precise symmetry is an important issue in this operation. In this study, we did not evaluate results specifically related to the treatment of patients with brow asymmetries. However, we noted that brow symmetry was, in general, stably improved after TBS.
In our practice, we routinely perform TBS concurrently with upper blepharoplasty; this differs from other authors who perform upper blepharoplasty in a subsequent surgical session. 13 For patients with limited skin and muscle excesses, TBS can also be useful to improve the upper eyelid, especially when suspension of the orbicularis oculi to the frontalis is performed (Supplementary Figures 2 and 3) .
Limitations of TBS
Many browlift procedures concurrently improve wrinkles of the forehead, temporal region, and glabellar region. TBS cannot be performed to treat wrinkling in these areas unless the skin excision is much larger than usual. The ideal candidate for TBS is middle-aged with light, thin skin; brow hairs that are thick and of high density; and a horizontally extended, poorly shaped brow contour. TBS would not be recommended for patients with vertically narrow brows, thin and sparse brow hair, or a short horizontal extension. In part, this is because we prefer to limit our incision to the length of the brow. For patients who are older or have thin skin, we occasionally extend the incision more laterally, as suggested by Castañares, 11 to reduce the excess skin in the lateral eyelid and improve crow's feet while maintaining a low risk of visible scars. Although the results of our questionnaire indicate a high rate of patient satisfaction and good scar quality, we cannot rule out the possibility that patient satisfaction could be attributable, at least in part, to other surgical procedures performed concurrently. Sixty-five (80.2%) of the 81 respondents also underwent blepharoplasty and/or facelift at time of TBS.
CONCLUSIONS
Although concerns about scar visibility have discouraged many surgeons from performing transcutaneous browlifts, the transcutaneous route is associated with the lowest incidence of unsightly scars among most of the common brow lift techniques. 45 We maintain that visible scarring with TBS are frequently a consequence of poor surgical technique. The most common errors with TBS include poor positioning of the incisions, overzealous tissue resection, and insufficient suturing. We have developed methods to avoid each of these errors, and we find that TBS is a straightforward procedure with short operating and recovery times and a low risk of complications. TBS allows for dramatic and precise improvements to the brow. We regard TBS as our technique of choice to treat ptotic or asymmetric brows. We suggest that distant browlift procedures should be performed only in patients for whom TBS is not indicated.
